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(57) Abstract: 




PURPOSE: A device including an epitaxial nickel silicide on (100) Si or 
stable nickel silicide on amorphous Si and a method of fabricating the 
same are to provide a single-crystal NiSi2 on (100) Si without the 
formation of silicide faceting along the plane into the Si substrate. 
CONSTITUTION: Nickel atomsOO) diffuse through the interlayer(18) on 
a (100) silicon substrate(16), thereby causing uniform growth of a 
single crystal nickel silicide(20) on the silicon substrate. The nickel 
atoms diffuse through the cobalt/nickel/silicon alloy film formed from 
the reaction of the cobalt interlayer with the nickel and the silicon, and 
reach the silicon interface without any preference, i.e. without any 
predetermined orientation. In other words, the nickel atoms diffuse in a 

direction(22) that is perpendicular to the planar surface(24) of the silicon substrate(16). This causes the uniform growth of 
the single crystal nickel silicide(20). 
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°1 ^'S^l ^o]a^ M\S-Qg.T= -§7^1°^ 7t-S.5)-afe 4Et\S ^! (RTA) -£-51o)q. 

a. aj-gs] q*8 Aje|Al.oij=n| ^ ^ ^12:^^0. ^yvtg ^^-o)i Aj-g-7>^5]-^. tfl ef 40nm °1«V^ golf- iL-frsl-ir 
2:4*§ #42^ i^^l^cH] £)«fl N+/P 3^8: PH 3 /He^ 7l-i£^-g- Aj-g-sH ^Ajs^q p + 

/N 3^8- B 2 He/Hz 21 7^£^-§- Al-g-sM ^s^q t^xr 2#?l|2] RTA<H^°)1 2lSfl *M0S|-£U. 7fll^^^ 
tfl4 800°C°)H ^JslSU, a ^ 1050r<Hl^ i4°l3 <H^°1 *)l2 °1£ (SIMS) 

ofl ejgfl cflef 40nm°)4. 3 *}4«U ( e - beam) ^fMl 2)ell f>4€<}. a^E^o] <=^)i=, uA 

-20A21 ^^ifl^l 514. M^bv ^^|^ 2 5 A _ 130A o 1 rt^tflo)] °)cf. a ^, ^elA]-olc 7 |. cflsf 550 " CO )lA^ RTA o)l 
21*11 ^ 2)5*4. £ 14~17°fl 44VS 13VHH lOO^m x 100^2) <3*HI ^5lA}ojj=» ^uv^ 33. 

A oMH ^^^1 2j«M<H^ W #fh§- 44^4. 

£ 14¥ N+/P 4°l£i= 31$ M«! ^aH^* 34$. ^ ^^c]}^\ S^l^S) ^ufo]^^ 

W it's ^EWU, ^^^21 Aj-^o)] nfHl- ^1^-21 f^J- #^£4. ^AM^r tflSf 68A2] Jf-?||# J±2- 

*Kr M^el-o.S.^-E-1 ^Ajsi^d-. RTA#31fe 550t, 650 °C, 750t:, 800t:, ^ 8501: 21 -g-iojjA-j 44 60i-§-°I <?! 
<*r3 SL3. ^S^iSX^. RTA ££<H1 44 SHf-2] ^7>7f #^£1$4. 

£ 15rr P+/N 4<>1S.H Hit} ^aW^* ^ 3,4^ Stt'iM'M ^efl7l#^ ± 

^D- ¥^ £S» 44^:2, ^^-grE^ a o v^o)1 n^gj. ^^s] ^7>7> ^#€4. *Jb]aHS-¥ tfl^ 68A2I ^^1# i-fr 
S}^ ^5g^o.s.^-E^ ^A^^t^ RTA^^Ife 550'C, 650°C, 750°C, 800"C, a £ 850°C2l ^^c]}^ 60if-°J "3 
^^0.5. ^SjSl&C}. RTA ^ri°Jl 4^ A o V ^t!- #-ff2l ^7\7\ ^#S1SJ4. 



£ 16fe 3,^ N+/P ^t A oHlAi ^«H«H^ ^ V $3.* M-Ef^flS. Aj^AHcir ^Bl^ 7l*^ofl 

2tH S H*a*M- ^^f^^S. ^Ajsjo^o.^ o] dvo. 850 r^H ^2- ifAi 144^4. cfl^ 14-16 

A21 ^Tll-t s^-edvo] Aje)^ ^Tfl^ofl ^^^4 cfl^= 69AolxtJi, a^-H^A 0 Hl f^slfl 

4. RTA^Til^ 550r, 650t. 750°C, 800°C, * 850°C2l 2.5LoflAi Z}Z}- 60i-^t> ^^^^.S. ^r*S2lSicf. AlB^tg. 

850tiAi ol^tV ^^1^ 9-g-/i^H o).Efl<H)Ai -2-^1^^. Al^^*^ 0.5. ^7}t}^ Q0.3. 

sq^v. ats Al-g-sMl ^ja. ^elAMs 3 M^ D J°.s ^12:^ *2fl7l#si ^s)sa 

4. 



£ 17^ P+/N ^t A o v °)lAi ^h1- 0 1<H^ 3tf ^f-a ^^tfla, ^elAfoiHfe atl ^ 

El-'flc}. 2tE c -lf cfle^ 14-16A21 ^-^|# Ji-frSl-Sa^l *}5l£ ^*!-sl$i4. ^ 69A«»15aa. 

SHa VEP|A o Voi] ^aj-^ojq a <>1 rto) ol^sl^cf. RTA^^il^ 5501C. 650°C. 750°C. 800°C, $ 850°C2l ^-£o)l 
a-) 44 60Sf-°J ^381}. a)e^*J-o. 850t:<HlAi 30 ^4 o]^ ^o[|]£ 9-g-/i^H ofefloflA^ 

4. p+/n^«i tfl*H fli^ 85t^H •a-^^sacf. 



£ 18-&- ^ ^21 ^)l2« 0 v^2. uj-El-iflfe *f-£6iq. a=-*l, <a^l(28)fe ^1^1-fe >&7il# aj 

7)^ ^sis 7|«- £fe (100) ««« ^ el^ 7l^-# 



^^l(30)fe s a a v S2> M^* -a sis (I00)^el s 7l^Ajoi] ^4e>^ c+TiH- ^ahi«h|a^ 
*^4^<H) 2lsil saJ-EPj-jij. q^4^- ii, He)l°], ^ ±421 f-el^elS ^^Aj-cfl f^sV^- cfTfl* a^^tf. 
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§1 o] £X\tH<t*\ t £3|(30)ir 21 v ed|4 AJe)a. AVo)) ^3|-S>ji x£ 4_ q^Bf-i- at^^cH f^s^ c^s S ^ 
tvq. ^HV^ 0.5., 2tI D ^ *Mlfc 5-25A2) "flfliflo) 5U^. 2j«]-;*) 0.3. 50-200A2) "g^ifl^l 

tU v !-5--¥-El aim 44«|-£q. i3jE^ 5 >ir 3# £#$d. q^m<H) a^se) ^4%^. 2 %~ 
15%21 ^fl^°tl SUcf. £ 4^ ^H 0 !! Sl^H. £3l(30)xr 27fl2^ a]-o|o)] atfE** tfl^fe ^if "j£ 

<cMI» S^l^. °l *J*H«»1H. ^Hl 1 ^e|^ A oHl ^s]a, ai)-H#£ M*]f^oM) f^sM, *ll2 M 



#31(32)^ *)e]^HM] a^-SSf- ^2) ^5)^* -a^S^fe. 300°C~900'C2) «g$H2l ^£<^1 

*1 10i£~2-g- ^°V, 1-*^ «-^7l JEtt £*j7H>H 2J.§3 0.5. ^r*3^4. D B^ 33^-§- H l 

33 (100)^e1^o v 2] MIS cl^elAfo]Hfe 850t<H)^i S)^7}^-S>4. °1 "E+tWs)*!) a^H7f 

*1 -a&^MHf^s. €4. ^, ci^e)Al-o|.H alf-H ci^elA>o)c 7 ^ i^7^*>n}. l)sj c^^a). 0 ]<= 

^ 2tS C)A!e]A).o]H f-«atV l^T 1 ^* ii-B-^S., (100)^e)^ A oH] fl^*] 2^1)21 Cl-MBlA>o]i=7l- 

^^Id. ^e)A>olH#^- 2ju}*| 90-700A ^^^\ ^]» iL-fKl-a, ^JA]-%fe- 2~15%2] 



£ Q^e) ^-fr a i*ms>-3-, 300~700t; •tj^tflsl £je<H]a1 ioi~2^-e] A)7if-°v ^-1 q^Tin- s.^ 
4. ^1 <H^^71]7^ 600°C n^s] -S-S. 0 !] a-) ^Als]^, ^elA|.o)c5|^ o]^t}^ A\2°\"i QAA ^^€4. 4^ -§- 
ojjiJHH ^--fr -Hl^t!- S.S. ^Alslfe ^12 ^-d^Tllfe 600°C°l^e] lOS-2^- -a^^cf. 

^^1(34)^ 9-5+ ^ °l^<H\i -§-°- ! i < HlAl <a«V^o.s. ahem 6)1^^. cf?)|# 

z|^s] <Hl*J££te 75-150r^!^o| ^^<>1^. 



"lis, ^^1 75A21 q^Bf-i- s-a-H^MMI f^t i5j£i^5>q f^^-Ai^q. 4^*1)3., ^ 2fS St 
Sl-xr ^7) 2}o|3l Ajofl RTA <H^-& °]-ii-£^)HH, 350-500t°)l^1 60a^> ^^l*H, 2H3 A <Hl a*S7> ^S]<H 
oj^ a]h}aHr# ^^sf^q. ^^^^fls., jqafq -§-^^21 Ajejaj <Hl%i* ^oi^^v^ ^e]AHH 

^°fl^ T^^Cf. QJ^BJ^S., Sj-o)^!- 600-850°C°)lAi d <H^^^H ^qA}oi H# ^1^^2] cfl 

^ U)^ Cl^£|A>olHS. AlE^Sj-^ 4^5.S.«.2l Af^-ofl 2]$\ ^^^q. Bj-^Sfe S-H2) 

^-§-xeO«l SI^aI^^^ ^^.4 ^A^q^o]! 0)31 &^«q. ^1> VA 1^ £*A7]o\) °\n 



^^^■a, M^/^elS ^Tfl'goil stsi- ^7>^o.s.^ *)e)4o)H2) 1 0 J:^^ o l ^ A J-=l < H ; 5l c +. °1 ^ t+ 
*ie]Tr ie)-^ ^^2) 4;7.)-2) ^l2,o|) 0 fl o. o-^- 5 )-ci. <i<y:^^4 ukg. ^^-a^. a^fl^i xefl°) Sl^^l 2lsfl 

°fl^- ^Tii-ao)) sis!) 7i<y^q. 

°l2f ^-o) *j:A o Vsl u)*8 AJe)A}ol5L ±4t ^la^fe 1+^ ^ °l# ^)^*>fe ±A}# -^t^gl-ojc). 0 ) e ^ 4.^0) ^^aj- 
H>^Sl«- ^-^1- -M^^^AloV ^^^cH) 717^1- U>2)- ^-g- ^. wj-^2) 5.X),J1<H|A^ C)-<^*V ^ 7l)3:7l- 7^Sl-C)-. 

t^2l S.4 
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NiSi 2 » MtP*^ sa^. 

(57) iH^l -=«?1 
1. 

*Jel^ ^elA>o]Hl- ailssBr H o v, S^S.^, 

*]el€ 7]#-§- §Hl*ffe #7)1; 

^51^ 7l^ 0 H] <S^SH=- fc*; 

sls. ig-ig. 

q 5a«H>H. ^ v 7) -SbIS 7)#*M 2tSf £3lxr, ^el£ 71^0)} 2tH"4l- 33 

*il HM 5a<H^i, A o v 7l ^el^ 7l*^Hl qg* f^Slfe tfTllfe ^71 -yel-s 7l^ 0 Hl x)l q^-fr f^fe 

A o V 7l ^51^ 7l^ 0 Hl 2tSt £3)£r A cM ^1 M^iMI f^TT #7i]# i#*H. 

$7] 71*^0)1 ^^-1- f^fe fcTflfe ^7) 2tE D -HH 7|| 2 qjgSM- £31* 3 St*H, A o V 7l 4 

^ ?■*<)• 4. 

*l 11H Sfl°H. A o v 7| ^el^ 7l^ 0 Hl q*S-§- 3^*Kr a <M *)em 7 l#<sM a^B* f^fe. t^lfe 

7l *)e]€ 7}#^°\) afssl q*!-§- -f-AHi ^.^.^^^ #7l H^-a^H^* 

^1 2*^1 SSZ^-H. ^7] atS5|2l 5-20A21 •S^Ml'Hl *U, ^ v 7l q^^sl ^^fe 25-200A21 ^5ltfl<Hl 51 

M 3*<H1 5Z«H^, a o v 7 | ^1, ul^n|o^ 25-200A21 ^^Ml<Hl SlJL. ^7l a^S^sl ¥11^ 5-20A21 ^Sliflofl 

Xl2 q^Bj-Sl ^^lfe 25-200A21 ^^vflo)) oj fe a^o £ ^ 
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34*7. 

H 4^°H 5ft°H. ^y) q«i-afls«hfr 2~i5 a£Hf- 3-1- 

3 4* 8. 

M i*°fl stl°W. A oM aafEsf -sM q*§£ o^^Rr #31£r 300-700t:^ -frs.'SflolM i02:~24f- o J ^Ais>i=. 

*fll £31* 3L**Ka. A o v 7l *fll <H<d% £3l7f 600t nl D v>s| *£«IM *M1« ufl, #7] a i£es). a o > 7 | q*g.g. 

<H^*8*l-fc- £7j|£r, 600°C ol^fi] ££°IM 10^-24 4°J *I*J*Rr *ll2 <H^^ £7ll» 3 X^Sffe ^ii 
sl-fe *1i. 

S4*9. 

34* 10. 

*fl 1*<H1 sa°H. A <M 7 l*-8- B l«3 7 1# * (I00)^el€ 7l£o.s. °14<H*! S£S4e| 4J*13tr 3 

34* 11. 

*)1 1*4| XH^I, W 7]$& 40nm°l*l-fil 3M# J£4*Hr 3** £#*Rr 4^2.3- S}*r «o v, S. 

34* 12. 

*ll i*4| 5tl«H>H, A o v 7] atfssf ^7) <H^J*H A o v 7) -gals 7l^H] ^e|4«)Ef %^§Hr £31 4°J, 
4*4 ^7] ^el^ 7]# A>olo)] fl*]^ 2tS ^sfxr f^AS. U^. 

34* 13. 

A cM 7l*WI flA^s, ^i\3L 31±= ^^A>olc.f. ?j-§- f^o^ 5}^ 4°l33.*J 

4 ±7}. 

St 1 * 14. 

13*°)1 fl<>H. ^71 ±7Vfe p+/n^* * N+/P^*is. <>14°1?! ?<i3.4Ei 3**1 34 432.S 
St 1 * 15. 

*fl 13 S <H) 5fl°H. tf^l i7}fe, 600t 304 4°J ±4* 4, 13VHH WOim x 10 

0/MlSl 334 71-5.^51 ^^5}^* OH, 9#/^*l«H "l^Sl AljM*J-§- iL*^fe 3* ^ ^-S. ±4. 

16. 
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A 13*MI Sl°H. A o v 7l qaj ^elAfol^sl f-Tflfc 90-700AS1 «3flifl«1 £U, #7l 2*Bfe 2-15%^ *$\^°\ a 
ttE ^e^H^l t-B-e)-ji site a* *M3.3. *>fe ^4. 

17. 

=H1 13*<H1 SM-M. #7l ^HlA>ol^ fe 7Q0X: o|^sl o>^eV rfcxf. 

18. 

4 13 8 J°11 &<>H, ^71 qs) ^elAfoi^- (in)^^ 41 3 5 7}^±s.s\ v}r&o) §^ q^s 

3^*o v 19. 

^1 13%H1 5a<>H, ^el^ 7]t* all 3 ^eJS ^ (100)^5^^ 71^5. °lf-oH^r Zl.S.^il ^^Itt 
^t 1 * 20. 

*fl 14*oH1 StfoH, ^"71 a°l7> lOOnm ?J-§- s^sL ±*K 

Eg 



t-a i 



i/y z / z / z 



NiSiz 
Si(111) 



• L d 2 



cram 



NiSia 
Si(11l) 



(S2H2I 21*) 




Si(1 00) 
(MSI ?|*) 
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22 SK100) 



5 



6O0t0il>d6O^Se} RTA B *. 

69A Ni/ HA Co/Si SI 
H6H#EXai0| S|§BH@(HRXRD) 

1000000 




68 70 72 74 
2 Theta 



6 



700 toiiAieoMej rta §t *, 

69A Ni/ieA Co/Si 2| 
J26H&£xa!0| fiJ§BH§!(HRXRD) 

1000000 




68 70 72 74 
2 Theta 
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51 Vl 7 



850TC0IIAi6O4Se» RTA & * , 

69 A Nt/ieA Co/Si 3 
I26H&£XaiOi 2|§DH@(HRXRD) 



t 000000 




70 71 
2 Theta 



£3 8 



RTA of Ni on Si 




200 400 600 800 1000 
RTA ££ (t) 
^EJAfOIEb 85A2I 
Ni/SL £¥E1 

(sa?i±) 
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9 

14* Co/69A Ni g 
60 RTA aaiS 




200 400 600 800 1000 
RTA SE (t) 

69AN1 g*f0|] SfAIA] 
14ACo?t 



i^i 10 



R 



60 
40 
20 
0 



Si Ni-Co-Ni 



- X 



xxxxxxxx 



200 400 600 800 1000 
RTA S£ 0C) 

29A Ni/ 16A Co/40ANi/Sl 

RTA A12IS 60 £ . 
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bias Si#2| US ftlBIAtOlE 




400 



600 600 

RTA SE (t) 
(331 



1000 



12 



bias si Ni-Co-Nl 




400 



600 BOO 

RTA CC) 



1000 



£<S 13 



40 



bias si&si cog 

UfS GISIMOIE 



30 . 



20 



10 



s 



400 600 600 1000 

RTA S£ (t) 
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N + /P USJ P0I2E tfSI NiSi 




-10 -9 -8 -7 -6 -5 

68ASj Ni S¥9 gBIMOIEg SSotb 

N4/P « UtO|0|£ ¥d aw SS. 

SSO^eSO^TSO'QSOCTC « 850 P C Ofl/H 
60S 8& RTA ^ . 



15 



P+/N USJ Cf0|2E NiSi 




-12 -11 -10 -9 -8 -7 -6 -5 

(sapi*) 

I3V1CH1/H 68ASI Ni S¥EI AISIAHflEB 
S^tfte P+/N DfOISH^ bfOIOi^ aW 55. 

*«8*B lOOxlOOum 1 a . 
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98 

95- 

do 

80 

m 70 



16 












w 







-13 -12 -11 -10 -9 -8 -7 
S3 (SW G3V) 

l6ACc/69ANi S¥EI 3£S a£|A r 0IES S^orb 

a©2i n-*/p si u^oioi^ as ¥a aw ss. 

550°C 650"C, 750°C 800°C al 850 Q C Oil Al 

rta ?\ e^2s +33 . 



17 



98 




2 



-13 -12 -11 -10 -9 -8 -7 
Log (Current §3V) 

16ACo/69ANl S¥E1 339 aB|A r 0|E5 S^Sffe 
QffoS¥E|H|P+yN S| drOIOj^ ¥3 SW S5. 
550*0, 650°C 750°C, 800°C * 850 9 C Ofl Al 
RTA ?\ 0^°^ - 
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i£ 18 



Co SI Ni2i s&r 



I 



Co at nisi aaisa 



28 



30 



32 



OAS 



34 
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